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Alterations in left ventricular fillingcan occur with aging
and in patients with hypertension, ischemic heart dis-
ease, congestive and hypertrophic cardiomyopathy and
congenital heart disease. This study examines the effects
of blood pressure on left ventricular diastolic filling in-
dexes measured by Doppler ultrasound technique in 47
young normotensive adolescents (mean age 13 years).
Left ventricular fillillg was assessed by Doppler peak
early and late diastolic transmitral flow velocities, early
and late diastolic flow velocity integrals and early dia-
stolic deceleration.
Systolic blood pressure did not correlate with any of
the Doppler filling indexes, although it was related to
echocardiographic left ventricular mass (r = 0.44, P <
0.005). Diastolic blood pressure did not correlate with
left ventricular mass; however, it was inversely related
to peak early diastolic flow velocity (r = - 0.44, p <
Alterations in left ventricular filling have been described in
normal subjects as a consequence of aging (1,2), in patients
with mild to moderate hypertension (3-9) and in a variety
of other pathologic states (10-16). In hypertensive patients,
these alterations can be detected even when left ventricular
systolic function is normal (3-7,17,18) and before the de-
velopment of detectable left ventricular hypertrophy (3,5).
Because these changes may occur very early in the course
of clinical hypertension or even precede it, it may be pos-
sible to detect preliminary variations in filling in some young
subjects whose blood pressures are still within the normal
range. The aim of this study was to look for possible markers
of preclinical hypertension by determining the relation be-
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0.005), early diastolic flow velocity integral (r = - 0.40,
p < 0.01) and early diastolic deceleration (r = - 0.32,
p < 0.05). The ratio of late to early peak filling (AlE)
was directly related to diastolic blood pressure (r =0.48,
p < 0.001). Examination of electrocardiograms showed
that there was a stronger correlation between AlE ratio
and diastolic blood pressure (r = 0.63) in 22 subjects
with bimodal P waves in lead VI than in subjects with
unimodal P waves (r = 0.45).
These findings demonstrate that, in normal adoles-
cents with bimodal P waves in lead VI' the pattern of
left ventricular filling is related to the level of diastolic
blood pressure. These changes are illdependent of left
ventricular hypertrophy and may be vel-y early mani-
festations of prehypertensive alterations in left ventric-
ular diastolic function.
(J Am Coli CardioI1987;10:1280-5)
tween blood pressure and left ventricular diastolic filling as
assessed by Doppler echocardiography in apparently nor-
motensive adolescents.
Methods
Study group. The subjects were 47 eighth grade stu-
dents, aged 12 to 14 years (mean 13 ± 0.9 years). There
were 26 boys and 21 girls; 21 subjects had a family history
of hypertension. The subjects weighed 32 to 87 kg (mean
52 :±: 12). All subjects were in good health, without known
cardiovascular or other disease, and had a normal electro-
cardiogram (ECG) and a normal two-dimensional and M-
mode echocardiogram.
All subjects had height and weight measurements at the
time of the study. Blood pressure was measured, after the
subject had been seated for 5 minutes, by the standard cuff
method with an appropriately sized cuff. Diastolic blood
pressure was defined by phase V of the Korotkoff sounds;
the use of phase IV has been suggested to be more accurate
in infants and children but is controversial in adolescents
(19). Because the mean weight of our subjects was 52 ±
0735-1097/87/$3.50
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time (EDFT) was measured from the onset of diastolic flow
to the intersection of a line extrapolated to the baseline
drawn through the darkest portion of the most rapid decel-
eration of the spectral waveform in early diastole. Late
diastolic flow time (ADFT) was measured from the onset
of late diastolic flow to the end of diastolic flow determined
by lines extrapolated to the baseline drawn through the steep-
est portion of the spectral waveforms (Fig. I). The early
diastolic deceleration time was measured from a line drawn
through the peak early diastolic flow velocity, perpendicular
to the baseline, to the end of the early diastolic flow time.
Early diastolic deceleration (EF slope) was calculated in
centimeters per second squared by dividing peak early di-
astolic flow velocity (PFVE), in centimeters per second, by
early diastolic deceleration time, in milliseconds, multiplied
by 10-, (1 ). Diastolic flow integrals were estimated in cen-
timeters by the triangular assumption method (1,21,22). The
early diastolic flow velocity integral was approximated by
the formula PFVE x 0.5 x EDFf x 10 '. Late diastolic
flow velocity integral was approximated by the formula
PFVA x 0.5 x ADFT x 10-'. The ratio of late to early
peak left ventricular filling velocities (AlE) was derived by
dividing PFVA by PFVE.
M-Mode echocardiography. Complete standard M-mode
echocardiograms were recorded from the parasternal win-
dow on strip chart paper at a speed of 100 mmls following
the recommendations of the American Society of Echo-
cardiography (23). The percent fractional shortening of the
left ventricle was calculated by the formula: Fractional short-
ening = (LVDD - LVSD)/LVDD x 102 , where LVDD =
left ventricular end-diastolic dimension and LVSD = left
ventricular end-systolic dimension. Ejection fraction was
calculated in percent by the formula: (LVDD
LVSD)3/(LVDD)'. Left ventricular mass was calculated in
grams by the formula: LV mass = 1.05 x [(LVDD + PW
+ IVS)' - (LVDD)'], where PW = left ventricular pos-
terior wall thickness and IVS = interventricular septal thick-
ness. Relative wall thickness (RWT) was calculated by the
formula: RWT = (PW + IVS)/LVDD.
Electrocardiography. Electrocardiograms (ECGs) were
analyzed by the Romhilt-Estes point system (24) for the
presence of left ventricular hypertrophy. The P waves were
evaluated in lead V I for the presence or absence of bimodal
configuration (notched or terminal negative component).
Statistical analysis. Stepwise multiple linear regression
analysis (least squares method with Graham-Schmidt al-
gorithm) and analysis of variance were used to determine
the extent of interrelations among systolic and diastolic blood
pressures, echocardiographic left ventricular mass and func-
tional indexes, and Doppler left ventricular filling indexes.
Subjects were also classified into SUbgroups that were com-
pared by analysis of variance. The data are presented as
mean ± standard deviation.
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Figure 1. Transmitral diastolic blood flow velocities recorded at
the level of the mitral valve from the echocardiographic apical
four-chamber view and the method of Doppler measurements. See
text for details. ADFf = late diastolic flow time; ECG = elec-
trocardiogram; EDFf = early diastolic flow time; EFDFT = early
diastolic deceleration time (EF slope); PFVA = peak late diastolic
flow velocity; PFVE = peak early diastolic flow velocity.
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12 kg (range 32 to 87), we believed it was appropriate to
use phase V as in adults. Body surface area was estimated
from height and weight by the DuBois and DuBois formula
(20). Before participation, all subjects and their parents
provided informed consent.
Doppler echocardiography. Duplex Doppler echo-
cardiography was peformed with a transmission frequency
of either 2.5 or 3.3 MHz, using a commercially available
phased-array pulsed Doppler velocimeter interfaced with a
fast Fourier transform spectral analyzer (General Electric,
Pass II). Transmitral flow velocities were recorded at the
level of the mitral orifice from the apical window in either
the apical long-axis or apical four chamber view (21). Flow
velocity was maximized by angulation in the lateral and
orthogonal planes. No correction for the presumed direction
of flow in the imaging plane was made. Spectral blood flow
velocities were recorded by still frame images at a sweep
speed equivalent to 100 mmls paper speed (22).
Diastolic bloodflow velocities and flow times were mea-
sured by the method of Gardin et al. (1,22). Peak transmitral
flow velocities were measured in centimeters per second at
the darkest point of the spectral waveforms (peak modal
velocities) (Fig. 1). The peak early diastolic flow velocity,
corresponding to early rapid filling, and peak late diastolic
flow velocity (PFV A), corresponding to atrial systole, were
measured with calipers in three to six cardiac cycles and
the results were averaged. Diastolic filling intervals were
measured by calipers in milliseconds. Early diastolic flow
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*p < 0.005; tp < 0.05; tp < 0.001. P = level of significance; r =
correlation coefficient. Other abbreviations as in Table I.
Table 2. Correlations Between Blood Pressure and Left
Ventricular Filling Indexes in 47 Normotensive
Adolescent Subjects
AlE ratio = ratio of late-to-early diastolic filling; AFVI = atrial flow
velocity integral; DBP = diastolic blood pressure; EF slope = early
diastolic deceleration; EFVI = early diastolic flow velocity integral; HR
= heart rate; LVM = left ventricular mass; PFVA = peak late flow
velocity; PFVE = peak early flow velocity; SBP = systolic blood pressure.
SBP (r) DBP (r)
PFVE -0.06 -0.44*
PFVA 0.18 0.18
EFVI -0.13 -0.40*
AFVI 0.19 0.29
EF slope -0.06 -0.32t
AlE ratio 0.19 0.48t
r = 0 4B
n = 47
~...:: -,I :.. ........ .. ..II: JI ..
A 0 9
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respectively). However, the ratio of late to early diastolic
peak filling velocities (A/E) was directly proportional to the
level of diastolic blood pressure (r = 0.48, P < 0.005)
(Fig. 2).
Heart tate. Heart rate ranged from 51 to 108 beats/min
(mean 74 ± 12). The inclusion of heart rate in the stepwise
multiple linear regression improved the model for the re-
lation of diastolic blood pressure with early diastolic flow
velocity integral (r changed from - 0.40, P < 0.01 to - 0.49,
P < 0.005) and with the ratio of late to early diastolic filling
(AlE) (r changed from 0.48, p < 0.005 to 0.64, P < 0.001).
Heart rate did not improve the regression modeling for any
of the other Doppler diastolic filling indexes. No significant
relation was found between heart rate and diastolic blood
pressure (r = 0.22, p = NS).
Because heart rate has been correlated with Doppler left
ventricular filling indexes (1,4), and Spirito et a!' (11) have
suggested that Doppler filling may not accurately charac-
terize left ventricular filling at higher heart rates, our analysis
was repeated after exclusion of four subjects with a heart
rate >90 beats/min. In the remaining 43 subjects, the in-
fluence of heart rate on left ventricular filling was lessened,
and heart rate did not significantly add to the relation be-
tween diastolic blood pressure and the Doppler filling in-
dexes. However, heart rate slightly improved the correlation
between diastolic blood pressure and A/E (from r = 0.42,
P < 0.005 to r = 0.51, P < 0.005). Diastolic blood pressure
remained the major factor related to Doppler diastolic left
ventricular filling indexes after the exclusion of subjects with
a heart rate >90 beats/min.
Left ventricular mass. Left ventricular mass ranged
from 91 to 277 g (mean 158 ± 36) and was not related to
the level of diastolic blood pressure (r = 0.005). None of
the Doppler left ventricular filling indexes was significantly
related to left ventricular mass (r < 0.22 for all values).
Left ventricular mass, however, was directly related to sys-
tolic blood pressure (r = 0.44, P < 0.005). Left ventricular
mass corrected for body surface area (left ventricular mass
index) was not significantly correlated with systolic blood
Figure 2. Relation between diastolic bloodpressure(mm Hg) and
the relative amount of late to early left ventricular diastolic filling
represented by the AlE ratio in all 47 subjects.
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Results
Left ventricular filling indexes and diastolic blood
pressure. Mean values for the principal measurements in
this study are given in Table 1. Systolic blood pressure did
not appear to be predictive of the Doppler measurements.
Specifically, correlations with any Of the Doppler left ven-
tricular fillirig indexes (r < 0.2 for all) were not significant.
Diastolic blood pressure, however, was found to be signif-
icantly associated with left ventricular filling indexes (Table
2). Early diastolic filling, as represented by peak early di-
astolic flow velocity, early diastolic flow velocity integral
and EF slope tended to be lower in subjects with higher
diastolic blood pressure. Thus, these three variables were
each inversely related to the level of diastolic pressure (r
= -0.44, P < 0.005, r = -0.32, P < 0.05 and r =
- 0.40, P < 0.01, respectively). Late left ventricular filling,
as reflected by peak late diastolic flow velocity and late flow
velocity integral, was unreiated to diastolic blood pressure.
Neither of these variables demonstrated a significant cor-
relation with diastolic blood pressure (r = 0.18 and 0.29,
Table 1. Clinical and Doppler-Echocardiographic
Characteristics of 47 Study Participants
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diastolic blood pressure and heart rate were unrelated to any
of the Doppler left ventricular filling indexes.
Figure 3. Stronger relation betweendiastolic bloodpressure (mm
Hg)and the relativeamountof late to early left ventriculardiastolic
filling represented by the AlE ratio in 22 subjects with bimodal P
waves in lead VI (A) and 18 subjects with unimodal P waves in
VI (B).
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Discussion
Left ventricular filling, as assessed by Doppler echo-
cardiography, has been used as a means of evaluating di-
astolic cardiac function in normal subjects (I), in patients
with mild hypertension (3-9) and in patients with a variety
of other pathologic states ( 10-16). Our study, performed in
normal young adolescents, demonstrates variations in left
ventricular diastolic filling characteristics that are related to
diastolic blood pressure but are unrelated to systolic blood
pressure, gender, body weight, left ventricular mass or sys-
tolic function.
Diastolic blood pressure. Although all of our subjects
had a diastolic blood pressure within the normal range, we
found that diastolic blood pressure is significantly associated
with Doppler left ventricular filling characteristics. Gardin
et al. (I) found changes in Doppler left ventricular filling
indexes related to aging; there were decreases in peak early
diastolic flow velocities and EF slope and increases in late
peak flow velocity apd flow velocity index and AlE as pa-
tients got older. These investigators, however, failed to find
any relation between diastolic blood pressure and these fill-
ing indexes in a group of normotensive adults aged 24 to
75 years. Two factors may account for the lack of a cor-
relation between diastolic blood pressure and left ventricular
pressure (r = 0.08) nor with any of the Doppler filling
indexes (r < 0.05 for all values).
Relative wall thickness. Relative wall thickness slightly
changed the regression model of diastolic blood pressure
and early diastolic deceleration (EF slope) (r = -0.32,
P < 0.05 to - 0.48, P < 0.005), but it was not otherwise
related to Doppler left ventricular filling indexes.
Systolic performance. The M-rnode echocardiographic
indexes of left ventricular systolic performance, ejection
fraction and fractional shortening were within normal limits
and unrelated to diastolic blood pressure.
Gender, family history of hypertension, body weight
and surface area. There were no significant differences
among the Doppler left ventricular filling indexes when the
subjects were separated according to gender (21 girls and
26 boys). The presence of a family history of hypertension
(21 subjects) did not help to characterize the relation be-
tween blood pressure and the Doppler filling indexes. De-
spite the broad weight and body surface area ranges, none
of the Doppler filling indexes was related to either body
weight or body surface area.
Electrocardiographic analysis. All subjects had sinus
rhythm, and none demonstrated the electrocardiographic cri-
teria necessary for the diagnosis of left ventricular hyper-
trophy (24). No P wave was> 120 ms in duration in any
lead. The P waves in lead V 1 were suitable for analysis in
40 subjects, of whom 22 had bimodal P waves and 18 had
unimodal P waves. In seven subjects, the P waves were of
low voltage or isoelectric in lead V I, precluding classifi-
cation. The presence or absence of bimodal P waves in lead
V I was used to further examine the correlation between
diastolic blood pressure and ratio of peak late to early di-
astolic filling (AlE). Heart rate was similar in both groups
(76 ± 15 versus 74 ± II beats/min), and left atrial size
and left ventricular mass were within normal limits and
similar in both groups. The relation of diastolic blood pres-
sure to AlE in the P wave subgroups is displayed in Figure
3. In subjects with bimodal P waves in lead V10 the cor-
relation of diastolic blood pressure with AlE was r = 0.63,
P < 0.005 as compared with 0.48, p < 0.005 for all subjects.
Heart rate further defined the regression model increasing
the r to 0.74, p < 0.001. In the subgroup with unimodal P
waves, AlE was related directly to heart rate (r = 0.63,
P = 0.005), and diastolic blood pressure no longer signif-
icantly influenced the relation.
The four subjects with a heart rate >90 beatslmin were
excluded leaving 21 subjects in the bimodal P wave group
and 15 subjects in the unimodal P wave group. Mean heart
rate was 72.6 ± 9.5 (range 51 to 90) and 71.5 ± 11.2
(range 57 to 89) beats/min, respectively. In the remaining
21 subjects with bimodal P waves, the level of diastolic
blood pressure was directly related to AlE (r = 0.61, P <
0.005), and heart rate no longer had any significant contri-
bution to the relation. In the unimodal P wave group, both
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filling indexes in their study group compared with ours:
first, their subjects were significantly older than ours; their
youngest subject was > 10 years older than the mean age
of our study group. Second, because of the wide age range
among the subjects studied, the powerful influence of aging
on Doppler left ventricular filling indexes might have ob-
scured alterations due to diastolic blood pressure. The sub-
jects in our study were within a narrow 2 year age range
(12 to 14 years). Thus, we were able to eliminate age as a
confounding variable and to evaluate the relations between
blood pressure or left ventricular mass and Doppler left
ventricular filling characteristics.
Early diastolic flow. Reduced early diastolic peak flow
velocity has been seen in patients with mild hypertension
(18) and in patients with hypertrophic cardiomyopathy and
marked left ventricular hypertrophy (15,25). We have now
demonstrated an inverse relation between diastolic blood
pressure and early diastolic peak flow velocity in the absence
of left ventricular hypertrophy or hypertension. Thus, even
within the normal range of blood pressures in adolescents,
individuals with higher diastolic blood pressure tend to have
decreased early peak left ventricular filling. Although sta-
tistically significant, this relation accounts for only 19% of
the variance in diastolic blood pressure and hence may not
be of clinical significance.
Gardin et al. (18) found a reduced rate of early diastolic
deceleration (EF slope) in subjects with mild hypertension
and left ventricular hypertrophy, indicating that this mea-
surement may be a sensitive early indicator of structural or
functional changes in the left ventricle. Further evidence for
altered early diastolic deceleration in subjects with mild to
moderate hypertension was found by Inouye et al. (26).
They found a reduced nuclear scintigraphic peak left ven-
tricular filling rate in subjects with mild to moderate hy-
pertension. Nuclear scintigraphic peak filling rate has been
shown to correlate well with Doppler-derived early diastolic
deceleration or EF slope (11). A reduced EF slope, however,
also has been found as a normal consequence of aging in
the absence of hypertension or left ventricular hypertrophy
(I). By excluding age as a variable in subjects without
hypertension or left ventricular hypertrophy, we were able
to demonstrate an inverse relation between EF slope and
diastolic blood pressure. This finding again suggested that
left ventricular filling characteristics are associated with di-
astolic blood pressure even when the blood pressure is within
the conventionally accepted normal range.
Early and late left ventricular filling. An important
index of left ventricular diastolic function is the ratio of late
to early left ventricular diastolic filling (AlE); not surpris-
ingly, AlE has been found to be increased in the presence
of hypertension (18). It also increases as a consequence of
aging (1). Gardin et al. (1) found no effect of diastolic blood
pressure on AlE, and the relation of AlE to diastolic blood
pressure has remained obscure. In our present study, in
which the influence of age and left ventricular mass was
excluded, the importance of diastolic blood pressure as a
determinant of the ratio of late to early diastolic filling
becomes apparent. Even within the accepted normal range
of diastolic blood pressure, the higher the diastolic pressure,
the more pronounced the late diastolic filling relative to the
early diastolic filling becomes.
ECG findings. Although the subjects in this study had
a normal rest ECG, 22 manifested bimodal P waves in lead
VI. These P waves were of normal duration and amplitude
and not specifically indicative of disease. When we eval-
uated the data within this subgroup, we found a stronger
correlation between diastolic blood pressure and the AlE
ratio than in the entire study group. Bimodal P waves were
not associated with left atrial enlargement or echocardio-
graphic or ECG evidence of left ventricular hypertrophy.
This finding might be of some practical clinical importance
because it suggests that the presence of bimodal P waves
in lead V" in association with higher (albeit within the
normal range) diastolic blood pressure, may be a very early
indicator of changes in left ventricular diastolic filling prop-
erties. Validation of this hypothesis must await longitudinal
studies.
Systolic versus diastolic blood pressure. We have found
an interesting difference between systolic and diastolic blood
pressures that might be of functional importance. Systolic
blood pressure is a significant predictor of left ventricular
mass-perhaps reflectingcardiac work or sympathetic drive-
but a poor index of the diastolic functional state of the left
ventricle. In contrast, diastolic blood pressure is a good
predictor of left ventricular diastolic function but a poor
predictor of left ventricular mass. The origin of these func-
tional differences remains to be elucidated.
Diastolic filling abnormalities in hypertension: impli-
cations in children. The presence of diastolic filling al-
terations in hypertensive patients without left ventricular
hypertrophy has been demonstrated by M-mode (27) and
Doppler (5) echocardiography, as well as by radionuclide
scintigraphy (17,26). These filling changes might be due to
altered diastolic properties of the left ventricle related to
hypertension that precede left ventricular hypertrophy, or
they may be secondary to mild forms of left ventricular
hypertrophy that are not yet detectable by existing nonin-
vasive criteria. In the current study, we found left ventricular
filling differences within the normal range of blood pressure
in adolescents. Miall and Oldham (28) found that adults
with the highest initial blood pressures tended to demon-
strate the greatest increase in pressures over time, and Klein
et al. (29) suggested that this may also be true of children.
If children whose blood pressures are at the higher end of
the normal range for their age group tend to maintain their
relative position as they get older, it seems likely that in-
dividuals may be identified as having mild hypertension as
they approach adulthood. Thus, our findings in otherwise
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normal adolescents with higher diastolic blood pressures and
bimodal P waves on the ECG may indicate that a relative
delay in left ventricular filling may represent an early man-
ifestation of a prehypertensive state, The validation of this
hypothesis must await longitudinal epidemiologic studies,
and immediate interventional studies may shed further light
on the short-term effects of changes of blood pressure on
the diastolic left ventricular filling indexes.
We thank the Artesia, Bellflower, and Cerritos School District for their
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